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STRUCTURAL COMPONENT FOR AN
AIRCRAFT WITH INTEGRATED HEATING
LAYER AND STRUCTURAL BATTERY

CROSS-REFERENCES TO RELATED D
APPLICATIONS

This application claims the benefit of the German patent

application No. 102020108485.4 filed on Mar. 27, 2020, the
entire disclosures of which are incorporated herein by way
ol reference.

10

FIELD OF THE INVENTION

The invention relates to a structural component for an 15
aircraft, to a method for producing a structural component
and to an aircrait having at least one such structural com-
ponent.

BACKGROUND OF THE INVENTION 20

Components of aircrait that are directed directly mto an
incoming flow may cause icing under certain environmental
conditions and flight conditions. Numerous devices are
known from the prior art, which nevertheless can achieve an 25
ice-1ree state of these components. On the one hand, devices
are known which prevent an initial adhesion of ice (so-called
anti-icing). Furthermore, devices are known which can
remove already adhered i1ce (so-called de-icing). The
devices may be based on the introduction of heat, such as 30
bleed air taken from compressor stages of a turbojet engine.

In addition, devices are known 1n which, by active defor-
mation of leading edge areas, i1ce 1s blasted, such as by
pneumatically expandable pads made of an elastomer, by
transient magnetic forces at metallic leading edges or the 35
like.

In modern commercial aircrait, the consumption of bleed
air 1s restricted and full abandonment of bleed air 1s pre-
terred. Therelore, there are also devices that can generate
heat 1n a different way. It 1s well known to arrange heating 40
mats with electrical resistance heating on an inside of
leading edges of tlow components to generate and deliver
heat locally.

EP 2 873 617 Al discloses an apparatus for de-icing
and/or avoiding ice formation for an aircraft having heat- 45
dissipating means for delivering heat to a surface area of the
aircraft which 1s adapted for line-shaped heat dissipation to
produce a predetermined breaking or breaking line 1n ice
accumulating on the surface area.

50
SUMMARY OF THE INVENTION

It 1s an object of the mvention to provide an alternate anti-
or de-icing device for a structural component that 1s simple
to manufacture and that does not significantly add weight to 55
the structural component, into which it 1s integrated.

A structural component for an aircrait 1s proposed, the
component comprising at least one heatable component
section having a layer structure comprising an iner base
structure, at least one heating layer having carbon allotropes 60
embedded 1n a matrix material, at least one first group of
consecutive layers comprising at least one anode layer, at
least one first insulating layer, and at least one cathode layer
having an electroactive coating, the first group of layers
being arranged between the mner base structure and the at 65
least one heating layer, and at least one protective layer
arranged outside the heating layer, wherein the first group of

2

layers constitute a structural battery, and wherein the at least
one anode layer and the at least one cathode layer are
clectrically connectable with the heating layer.

The structural component has a structure that comprises a
plurality of matenal layers. It 1s indicated that this layer
structure 1s not necessarily limited to layers of fiber-rein-
forced plastics, but may also comprise metallic layers.
Furthermore, additional layers may be arranged between,
under or upon the individual layers, which may also com-

prise a certain function but are not explicitly named herein.

The inner base structure 1s intended to achieve at least a
fraction of the desired stability of the component. In par-
ticular, the mnner base structure i1s designed so that the
required mechanical strength 1s provided almost exclusively
by the 1nner base structure. Depending on the concept of the
aircraft, the inner base structure may comprise one or more
different materials. Classic metallic structures, fiber com-
posites and combinations thereof are concervable. The inner
base structure may also include a stiffening structure.

The at least one heating layer 1s capable of producing
heat, 11 an electrical voltage 1s provided. For this purpose,
carbon allotropes, which include several possible variants of
carbon material, are embedded into a matrix material. This
enables the provision of an electrically conductive, but very
thin layer, which allows a large-scale introduction of heat by
applying the electrical voltage. The at least one heating layer
may have a particularly small thickness, which minimizes
additional weight for the structural component. The use of
carbon allotropes nevertheless results 1 a particularly
advantageous generation of heat when the at least one
heating layer 1s subjected to the electrical voltage. The at
least one heating layer may include a single fabric layer.
Alternatively, the at least one heating layer may also include
a layer of woven or non-woven allotropes having a thickness
that corresponds to the thickness of a single layer of fabric.

The at least one first group of consecutive layers consti-
tutes a structural battery that 1s arranged on the base struc-
ture and supports the structural function of the structural
component. For example, the anode layer and the cathode
layer may be realized in the form of carbon fiber layers
embedded 1n a plastic matrix. The cathode layer may exem-
plarily comprise carbon fibers provided with an electroactive
coating. This may particularly be an 1on-donating coating.
Particularly, the cathode active coating may be a lithium-
containing transition metal oxide or a lithtum-containing
transition metal phosphate when using a lithium-ion based
battery. These substances are able to store lithium ions
reversibly and release them again. The coating may be done
by soaking, dipping or spraying with suitable solution, but
other variants are not excluded. For example, the coating
may comprise LiFeO2 and/or LiFePO4.

Between the cathode layer and the anode layer, the first
insulating layer 1s arranged, which may comprise an 1on-
permeable separating layer for electrical insulation. It allows
the transfer of, e.g., lithium 1ons to enable an electrochemi-
cal battery process. The integration of the structural battery
into a structural component of an aircrait allows to include
an additional function substantially without adding to the
weight of the aircraft.

The at least one protective layer, which i1s arranged
outside the at least one heating layer, mainly serves to
protect the individual layers against erosion and other
mechanical impairments. It may simply comprise a paint,
but may also include a metallic protective layer or the like.
It 1s clear that the at least one protective layer may also
comprise several layers.
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The structural battery 1n form of the at least one first group
of consecutive layers is electrically connectable to the at
least one heating layer. The efliciency of an integrated anti-
or de-icing function 1s raised, as the structural battery
constantly dissipates heat during discharging, which adds to
the heat emitted by the at least one heating layer. By the heat
dissipation of the structural battery alone, a raised tempera-
ture 1s achueved that reaches a converged value after some
time of operation. Tests have shown that a few layers away
from a cathode layer, a temperature increase of 33° C. 1s
achievable. This supports the prevention of ice build-up on,
¢.g., leading edges (anti-icing). In case of a demand {for
melting of built-up 1ce (de-1cing), the already warmer base
temperature will help achieve a fast de-1icing by means of an
additional source, such as, e.g., a layer of multi-functional
coated carbon fibers 1n the form of the at least one heating
layer.

Consequently, the use of a structural battery 1n a heatable
component section of a structural component supports an
anti-icing function solely by a discharging function and
substantially without an additional weight of the aircraft.

In an advantageous embodiment, a second insulating
layer 1s arranged between the at least one heatable layer and
the first group of layers. Thus, the first group of layers 1s
clectrically insulated from the at least one heating layer. The
second insulating layer may be provided by a layer of
non-conductive fibers embedded 1n a matrix material. For
example, the fibers may be glass fibers.

It 1s preferred that the second insulating layer 1s an
clectrical 1nsulating layer. To support the above-described
heating function of the structural battery a thermal 1nsulation
should be avoided as much as possible. For example, the
second insulating layer may be limited to a single material
layer, e.g., from a glass fiber reinforced plastic material. It
may be feasible to balance the producible heat from the at
least one heating layer and the heat that 1s dissipated from
the structural battery in such a manner that the at least one
heating layer cannot produce a heat flow that leads to
influencing the capacity of the structural battery.

Another advantageous embodiment further comprises a
third insulating layer arranged between the protective layer
and the at least one heating layer, wherein the third insulat-
ing layer 1s an electrical insulating layer. Also, the third
insulating layer should not prevent the transier of heat, as 1t
1s arranged directly adjacent to the protective layer and the
environment of the heatable section. It 1s advantageous if the
third isulating layer comprises carbon fibers having an
insulating coating. Material continuity 1s improved within
the complete layer structure and the stability 1s slightly
increased compared to glass fibers. In particular, in the
position of the third insulating layer delamination can thus
be avoided.

To further improve the heat transter from the at least one
heating layer to the environment of the heatable section, the
third insulating layer comprises aluminum nitride and/or
boron nitride. These materials are electrically insulating and
provide excellent heat transter properties.

Furthermore, the inner base structure may comprise a
carbon fiber reinforced plastic. In particular, the matrix
material may be a polymer or a resin system 1n which the
reinforcing fibers are embedded. These may be realized in
the form of fabrics or other arrangement of fibers, which are
provided as one or more layers and according to the
expected direction of forces. It 1s particularly usetul to use
reinforcing fibers that run 1n multiple layers and in multiple
directions. The fiber directions may be adapted to the
required mechanical properties. Alternatively, layers of non-
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woven fibers or fiber layers may be used. The fibers may
have one or more discrete fiber directions or be implemented
omnidirectionally to achieve quasi-isotropic properties. In
addition, one or more layers of a metallic material may be
provided. The design of the structural component according
to the mvention allows the manufacture of the individual
layers by substantially conventional methods for producing
a composite component. The layers are embedded 1n a
matrix material and can be cured together to form a mono-
lithic component.

It 1s advantageous if the at least one heating layer com-
prises coated carbon fibers embedded 1n the matrix material.

Furthermore, the first group of layers may comprise a
fourth insulating layer at a side facing the inner base
structure, wherein the fourth msulating layer 1s an electrical
and thermal 1nsulating layer. The heat emitted by the struc-
tural battery thus does not act onto the base structure. For
example, the fourth insulating layer may comprise an
arrangement of several layers that are electrically insulating,
thus providing a certain thermal insulation.

In another exemplary embodiment, the first group of
layers comprises two current collector layers as two opposed
and outermost layers. The collector layers may be referred to
as a cathode collector layer and an anode collector layer.
Both of these layers may exemplarily comprise a structure of
carbon allotropes, such as carbon fibers, carbon nanotubes or
graphene. For example, the collector layers may be formed
by a porous mat of unwoven carbon nanotubes, which
allows a simple integration of this into a common manufac-
turing process for a composite component. The individual
carbon nanotubes adhere together by the van der Waals
forces and thus lead to a quasi-isotropic tensile behavior.
Thus, a particularly advantageous replacement of an other-
wise metallic collector layer material 1s achieved. The
collector layers may also lead to a significantly low material
discontinuity with adjacent carbon fiber layers, which pre-
vents chemical corrosion ncompatibility of aluminum-
based electrodes. Furthermore, the stability of the structural
component 1s improved.

As 1ndicated above, the current collector layers may
comprise graphene, which comprises advantageous
mechanical properties as well as high thermal conductivity,
which offers the use of graphene at least for one of the
collector layers that 1s opposite to the inner base structure.

Furthermore, the invention relates to a method for pro-
ducing a structural component, in particular, a structural
component according to the above description, comprising
the steps of providing an iner base structure, applying a first
group ol consecutive layers comprising at least one anode
layer, at least one first msulating layer, and at least one
cathode layer having an electroactive coating, the first group
of layers being arranged between the inner base structure
and at least one heating layer, on the mner base structure,
applying the at least one heating layer in the form of a matrix
material with carbon allotropes, and applying a protective
layer.

The method may further comprise the step of curing at
least the at least one heating layer and the first group of
layers as a final step or as a step prior to applying the
protective layer.

Additionally, the method may further comprise the step of
applying a third insulating layer prior to applying the
protective layer.

The mvention also relates to an aircrait, comprising at
least one structural component according to the above
description, wherein the at least one anode layer and the at
least one cathode layer are couplable with a switching
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device for selectively connecting the at least one heating
layer to the at least one anode layer and the at least one
cathode layer.

Also, the heatable component section 1s preferably
arranged on a leading edge of the structural component.

BRIEF DESCRIPTION OF THE DRAWINGS

Other characteristics, advantages and potential applica-
tions of the present invention result from the following
description of the exemplary embodiments illustrated in the
figures. In this respect, all described and/or graphically
illustrated characteristics also form an object of the inven-
tion 1individually and in arbitrary combination regardless of
their composition 1n the individual claims or their references
to other claims. Furthermore, identical or similar objects are
identified by the same reference symbols 1n the figures.

FIG. 1 shows a sectional view of the structural compo-
nent.

FIG. 2 shows a detailed section view of the first group of
layers.

FIG. 3 shows a manufacturing device.

FIG. 4 shows an aircrait having such a structural com-
ponent.

FIG. S shows a side view of a structural component.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

L1l

FIG. 1 shows a part of a structural component 2, which 1s
exemplarily shown as a wing or a leading-edge section of a
wing ol an aircraft with a significant curvature. However,
other variants of structural components 2 are possible. The
structural component 2 comprises a heatable component
section 4, which 1s exemplarily directly located at a leading
edge. It comprises a first side 6, which comprises an 1nterior
side, as well as a second side 8, which comprises an exterior
side. At the first side 6, the structural component 2 comprises
an iner base structure 10, which may be realized in various
ways and 1t 1s merely shown schematically. It may be made
of different materials, e.g., metallic materials and/or fiber-
reinforced composite materials and combinations thereof,
for example, so-called “Fiber Metal Laminates”. The inner
base structure 10 may comprise a plurality of layers and it
may be dimensioned to carry the majority of the expected
loads during operation of the aircraft. Thus, 1t may comprise
a larger extension in a thickness direction than shown here.

On the mner base structure 10, a first group 12 of
consecutive layers 1s arranged, which first group 12 consti-
tutes a structural battery. Directly on top of the mnner base
structure 10, a first current collector 14 1s arranged, which
may comprise a graphene layer embedded in a matrix
material. An anode layer 16 1s arranged on the first current
collector 14. It comprises carbon allotropes, such as carbon
fibers, embedded 1n a matrix material and 1n direct contact
with the first current collector 14. A first insulating layer 18
1s attached to the anode layer 16 and provides an electrical
insulation. Also, 1t 1s 1on-permeable, such that lithium 1ons
are able to pass the first isulation layer 18 to enable an
clectrochemical battery process. For example, 1t may com-
prise a glass fiber reinforced plastic material. On the first
insulation layer 18, opposite to the anode layer 16, a cathode
layer 20 1s provided. It may be made by the same material
as the anode layer 16, e.g., carbon fibers embedded 1n a
matrix material. In addition, the carbon fibers are coated
with an electroactive material, such as LiFeO2 and/or
LiFePO4 or another lithium-containing transition metal
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oxide or a lithium-containing transition metal phosphate, 1f
the structural battery 1s lithium-1on based. These substances
are able to store lithium 1ons reversibly and release them
again. On top of the cathode layer 20, a second current
collector 22 i1s attached. Together, these layers 14 to 22
provide the function of a structural battery by using the
described layer structure. However, due to the use of mainly
carbon allotropes in a matrix material, the structural battery
significantly supports the stability of the structural compo-
nent 2.

The first group 12 of layers 1s covered by a second
insulating layer 24, which provides an electrical isulation
and thus 1s a dielectric layer. However, 1f desired, it also
provides a thermal 1insulation, such that the structural battery
1s protected from temperatures 1n excess of 60° C., which 1s
needed for anti-icing. The second insulation layer 24 1s
exemplarily realized in the form of one or more layers of
glass fiber reinforced plastic material. Also, carbon fibers
with an electrical mnsulating coating may be embedded 1n a
matrix material to form the second insulating layer 24. The
required heat insulation may be controlled by suitably
dimensioning the layer thickness of the second insulating
layer 24.

Further to the second side 8, a heating layer 26 1s
provided. For example, it comprises at least one layer of
carbon fiber reinforced plastic material. However, the car-
bon fibers may comprise a coating for enhancing the con-
ductivity. In addition or as an alternative thereto, the heating
layer 26 comprises a mat ol woven or non-woven carbon
nanotubes embedded 1n a matrix material.

At an outermost position, 1.e., at the second side 8, a
protective layer 28 1s provided. The protective layer 28 may
simply be a covering paint. However, for erosion protection
the protective layer 28 1s exemplarily provided 1n a form of
a metallic foil, such as hardened aluminum, steel or titanium.

The heating layer 26 is selectively connectable to the first
current collector 14 and the second current collector 22, such
that 1t 1s operable through consuming energy delivered by
the structural battery. Hence, only very short electrical
connections are required, which may mainly extend through
the structural component 2 in a thickness direction.

As shown 1n FIG. 3, a third insulating layer 27 may be
arranged between the protective layer 28 and the at least one
heating layer 26, wherein the third insulating layer 27 1s an
clectrical insulating layer. Also, the third mmsulating layer 27
should not prevent the transfer of heat, as it 1s arranged
directly adjacent to the protective layer 28 and the environ-
ment of the heatable section. It 1s advantageous 1f the third
insulating layer 27 comprises carbon fibers having an insu-
lating coating. Material continuity 1s improved within the
complete layer structure and the stability 1s slightly
increased compared to glass fibers. In particular, in the
position of the third msulating layer 27 delamination can
thus be avoided.

To further improve the heat transfer from the at least one
heating layer 26 to the environment of the heatable section,
the third insulating layer 27 comprises aluminum nitride
and/or boron nitride. These matenals are electrically insu-
lating and provide excellent heat transfer properties.

Furthermore, the first group of layers 12 may comprise a
fourth insulating layer 29 at a side facing the inner base
structure 10, wherein the fourth imsulating layer 29 1s an
clectrical and thermal 1nsulating layer. The heat emitted by
the structural battery thus does not act onto the base structure
10. For example, the fourth insulating layer 29 may com-
prise an arrangement of several layers that are electrically
isulating, thus providing a certain thermal insulation.
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FIG. 2 shows the structural battery in further detail. Here,
the simple layout 1s clearly apparent. The whole structural
battery 1in form of the first group 12 of layers may be realized
in five material layers, which may correspond to five mate-
rial layers of common structural components, with slight
modifications. They inherently contribute to the structural
stability and provide a clear advantage 1n that relatively large
surfaces may be equipped as a structural battery for provid-
ing an energy source for the heating layer 26.

A Tfurther particular advantage of this design 1s that
conventional, automated manufacturing methods and manu-
facturing apparatuses may be used to manufacture the struc-
tural component 2. For example, FIG. 3 shows the structural
component 2 being manufactured through an automated
manufacturing device 30, which 1s shown having a robot
arm 32, which carries an automated deposition head 34. For
example, the deposition head 34 comprises a material spool
36, on which matenal layers are arranged. Through a guide
roller 38 the material layers provided by the material spool
36 are pressed onto the mold or previous layers of the
structural component 2 to be manufactured. By moving
along a depositing direction d, a material web 40 1s depos-
ited. This process may be carried out for each of the material
layers described above.

The material web 40 may be a pre-impregnated web or it
may comprise dry fibers, which are impregnated after all
layers have been deposited. After all layers are provided, the
arrangement of layers 1s cured to form the structural com-
ponent 2. For this purpose, the molding tool (not shown) can
be moved 1nto an autoclave and be heated according to the
characteristics of the material.

FI1G. 4 shows an aircrait 42 having structural components
2, which are exemplarily designed in the form of leading
edges of wings 44. These may then selectively be heated by
the heating layer 26, which are provided with electrical
energy irom the structural battery arranged in the same
component 2. These also contribute to the elevated tempera-
ture.

While at least one exemplary embodiment of the present
invention(s) 1s disclosed herein, 1t should be understood that
modifications, substitutions and alternatives may be appar-
ent to one of ordinary skill in the art and can be made
without departing from the scope of this disclosure. This
disclosure 1s intended to cover any adaptations or variations
of the exemplary embodiment(s). In addition, in this disclo-
sure, the terms “comprise” or “comprising” do not exclude
other elements or steps, the terms “a” or “one” do not
exclude a plural number, and the term “or” means either or
both. Furthermore, characteristics or steps which have been
described may also be used 1n combination with other
characteristics or steps and 1n any order unless the disclosure
or context suggests otherwise. This disclosure hereby incor-
porates by reference the complete disclosure of any patent or
application from which 1t claims benefit or priority.

REFERENCE NUMERALS

2 Structural component

4 heatable component section
6 first side

8 second side

10 inner base structure

12 first group of layers

14 first current collector

16 anode layer

18 first insulation layer
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20 cathode layer

22 second current collector
24 second 1nsulating layer
26 heating layer

28 protective layer

30 manufacturing device
32 robot arm

34 deposition head

36 material spool

38 guide roller

40 material web

42 aircraft

44 wing

d deposition direction

The mvention claimed 1s:

1. A structural component for an aircraft, comprising:

at least one heatable component section having a layer

structure comprising;:

an inner base structure,

at least one heating layer having carbon allotropes
embedded 1n a matrix material,

at least one first group of consecutive layers comprising,
at least one anode layer, at least one first mnsulating
layer, and at least one cathode layer having an
clectroactive coating, the first group of layers being
arranged between the mner base structure and the at
least one heating layer, and

at least one protective layer arranged outside the heat-
ing layer,

wherein the first group of layers constitute a structural

battery, and

wherein the at least one anode layer and the at least one

cathode layer are electrically connectable with the
heating layer.

2. The structural component according to claim 1,
wherein a second insulating layer 1s arranged between the at
least one heating layer and the first group of layers.

3. The structural component according to claim 2,
wherein the second isulating layer 1s an electrical insulating
layer.

4. The structural component according to claim 1, further
comprising a third isulating layer arranged between the
protective layer and the at least one heating layer, wherein
the third 1nsulating layer i1s an electrical insulating layer.

5. The structural component according to claim 4,
wherein the third 1nsulating layer comprises at least one of
aluminum nitride or boron nitride.

6. The structural component according to claim 1,
wherein the inner base structure comprises a carbon fiber
reinforced plastic.

7. The structural component according to claim 1,
wherein the at least one heating layer comprises coated
carbon fibers embedded in the matrix material.

8. The structural component according to claim 1,

wherein the first group of layers comprises a fourth

insulating layer at a side facing the mnner base structure,
and

wherein the fourth insulating layer 1s an electrical and

thermal 1nsulating layer.

9. The structural component according to claim 1,
wherein the first group of layers comprise two current
collector layers as two opposed and outermost layers.

10. The structural component according to claim 9,
wherein the current collector layers comprise graphene.
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